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Abstract A rare case of a 44-year-old Chinese male with
diffuse idiopathic skeletal hyperostosis (DISH) and simul-
taneous ossification of the posterior longitudinal ligament
(OPLL) and ossification of the ligamentum flavum (OLF) at
T1-2 causing thoracic myelopathy is reported herein. Pos-
terior decompression without extirpating the OPLL was
performed at T1-2. Postoperatively, symptoms were greatly
improved, with remaining hyperreflexia and Grade 4/5
muscle strength in the lower extremities. The Japanese
Orthopedic Association score improved from 5 preopera-
tively to 9 at final follow-up. The presence of a cyst due to
leakage of cerebrospinal fluid was confirmed by MRI at day
27, but it resolved after conservative management. The
clinical manifestation of DISH, the relationship among
DISH, OPLL, and OLF, and management of thoracic mye-
lopathy due to OPLL and OLF were reviewed.

Keywords Diffuse idiopathic skeletal hyperostosis -
Ossification of the posterior longitudinal ligament -
Ossification of the ligamentum flavum - Upper thoracic -
Myelopathy

Introduction

Diffuse idiopathic skeletal hyperostosis (DISH), ossifica-
tion of the posterior longitudinal ligament (OPLL), and
ossification of the ligamentum flavum (OLF) at the upper
thoracic spine rarely occur simultaneously. In this paper,
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the clinical manifestation, radiological evaluation, and
management of such a case with thoracic myelopathy at
T1-2 are reviewed.

Case

A 44-year-old Chinese male who had experienced nuchal
pain and left lower extremity soreness for 2 years com-
plained of a 15-day history of gait embarrassment and
worsening of the left lower extremity ache. Neurological
examination revealed bilateral lower extremity hypermy-
otonia and hyperreflexia, which were more significant on
the right side. Manual muscle testing revealed Grade 4/5
muscle strength in the lower extremities. X-ray and CT
scan documented ossification of the anterior longitudinal
ligaments (OALL) at C2-7, OPLL at C3-7 and T1-2, and
OLF at T1-2 (Fig. la—c). MRI demonstrated severe spinal
cord compression due to OPLL and OLF at T1-2, with
intramedular high intensity on T2-weighted images
(Fig. 2a, b).

The posterior thoracic canal was decompressed via a
laminectomy at T1-2. Intraoperatively, we found that the
left OLF, which was strongly adhered to the dura mater,
had fused with the ventral OPLL. Considering the high risk
of spinal cord injury with further extirpation of the OPLL,
we ceased the decompression procedure when the dural sac
pulsation resumed.

Postoperatively, the weakness in the left lower
extremity worsened to Grade 3/5 muscle strength, but it
gradually recovered to the preoperative level after Pred-
nisolone was administered. The patient was discharged
from the hospital at day 6. However, he presented again
at day 27 because of a nuchal swelling. MRI demon-
strated leakage of cerebrospinal fluid (CSF) (Fig. 3). The
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Fig. 1 X-ray and CT scan documented OALL at C2-C7, OPLL at
C3-C7 and T1-2, and OLF at T1-2. a OALL at C2-C7, b OPLL
(black arrow) and OLF (white arrow) at T1-2, ¢ no sacroiliac erosion

Fig. 2 MRI showed OPLL and left OLF with severe spinal cord
compression and intramedular high intensity on T2-weighted images
at T1-2. a OPLL (black arrow), b OLF (black arrow)

subcutaneous CSF was aspirated with syringes after local
skin disinfection, and local compression was performed.
The swelling decreased and only a small amount of epi-
dural CSF was detected on MRI at month 6 (Fig. 4a, b).
From then on, the patient did not underwent MRI

@ Springer

Fig. 3 Postoperative MRI at day 27 revealed leakage of cerebrospi-
nal fluid (black arrows)

Fig. 4 Postoperative MRI at month 6 showed residual cerebrospinal
fluid at the dorsal area of the dural sac (black arrows). a Sagittal
plane, b axial plane

examination due to absence of nuchal pain and local
swelling. At final follow-up, 18 months after surgery, the
patient’s symptoms had greatly improved and he was
without nuchal pain and lower extremity soreness and
weakness. The Japanese Orthopedic Association (JOA)
score improved from 5 preoperatively to 9 at final follow-
up (Table 1). Despite the remaining hyperreflexia and
Grade 4/5 muscle strength in the lower extremities, he
was satisfied with the results and declined further anterior
decompression.

Discussion
Clinical manifestation
DISH, also known as Forestier’s disease, is an idiopathic

rheumatological abnormality in which exuberant ossifica-
tion occurs along ligaments throughout the body. It is most
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Table 1 Pre-/postoperative Function

Preoperative Postoperative

Japanese Orthopaedic
Association (JOA) scores for
thoracic myelopathy

Motor function
Lower extremity: gait
0: Unable to walk
1: Needs aid on flat ground
2: Needs aid on stairs

3: Needs no aid on stairs but is unstable

4: Normal
Sensory function

Lower extremity

0: Complete or apparent sensory loss or severe paresthesia

1: Mild sensory loss or paresthesia

2: Normal
Trunk

0: Complete or apparent sensory loss or severe paresthesia

1: Mild sensory loss or paresthesia

2: Normal

Bladder function

0: Complete retention or complete incontinence

1: Incomplete retention, incomplete incontinence, or straining

2: Frequency or hesitation
3: Normal

Total score (normal, 11)

characterized by ligamentous ossification of the anterolat-
eral side of the spine, sparing the disc and joint space [1-4].
Although typically asymptomatic, DISH has been associ-
ated with neurological problems [5-20] (Table 2), of which
the reported rate is 4% [21].

DISH alone can cause spinal cord compression, mostly
in the upper cervical spine. The common pathology
includes retroodontoid masses [6—8], atlantoaxial pseudo-
arthrosis [9], basilar impression combined with dens
hypertrophy [10], and atlantoaxial subluxation [13, 14].
Fusion of the subaxial cervical spine associated with DISH
was reported to result in greater stress to the ligaments of
the still-mobile occipitoatlantoaxial segment, causing par-
tial tears of the ligaments. Cycles of injury and reparative
process or reactive hypertrophy contributed to the forma-
tion of this compressive pathology and subsequent neuro-
logical deterioration [6, 8, 14, 22]. In such cases, surgical
management is helpful in stopping neurological deteriora-
tion. Several procedures, such as transoral decompression
combined with posterior fusion [6, 8, 10, 13], decompres-
sion by the lateral approach with occipitocervical fusion
[7], and single posterior decompression without fusion [9,
14], have produced good clinical outcomes. In our opinion,
posterior fusion may be mandatory because single
decompression may aggravate the instability of the upper
cervical spine, thereby leading to neurological deteriora-
tion [8].

Neurological problems due to OPLL or OLF associated
with DISH also have been reported. In DISH, most
reported cases of myelopathy due to OPLL occurred in the
subaxial cervical spine [11, 15, 16], and extensive posterior
decompression was the common method for treating such
lesions [11, 15]. However, in some cases of severe stenosis
due to huge OPLL, single posterior laminectomy may not
be sufficient to decompress the spinal cord [11, 15].
Additional anterior decompression may be required, which
is technically demanding due to OALL. In the previous
studies, OLF associated with DISH played an important
role in the development of neurological deficits in the
thoracic or lumbar spine [18-20]. Because OLF often
occurred at the still-mobile levels, above and/or below
which the spine was ankylosed [18-20], we postulated that
the pathomechanism might be similar to that in occipit-
oatlantoaxial lesions. Chronic and continuous stress at the
nonunion level contributed to hypertrophy or OLF. In these
cases, posterior decompression and stabilization could
achieve excellent outcomes [18-20].

In our study, a rare case of upper thoracic myelopathy
due to simultaneous OPLL and OLF at T1-2 in DISH was
studied. X-ray and CT scan documented OALL at C2-7,
OPLL at C3-7 and T1-2, and OLF at T1-2, with C7-T1
remaining mobile. Therefore, the OLF was presumed to be
stress-induced ossification due to concentrated stresses
between the ankylosed subaxial cervical spine and the fixed
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thoracic spine. Posterior decompressive laminectomy
without extirpating the OPLL yielded good results.

Associations of DISH, OPLL, and OLF

Several previous reports discussed the association of DISH,
OPLL, and OLF [23-26]. Resnick et al. [25] described 4
patients with co-existing DISH and cervical OPLL, and they
found OPLL in 50% of 74 additional patients with DISH
after reviewing their cervical spine radiographs. Ehara et al.
[24] found that DISH was present in 27 out of 109 cases of
OPLL (25%) and in 4 out of 18 cases of OLF (21%), and 3
out of 18 patients with OLF had OPLL (16%). Moreover,
they found a clear trend in the distribution of these disor-
ders. DISH predominantly occurred in the thoracolumbar
spine, OPLL in the cervical spine (93% in cervical spine,
5.5% in thoracic spine, and 4.5% in lumbar spine), and OLF
in the lower thoracic spine (67% in lower thoracic spine, 6%
in upper thoracic spine, 17% in cervical spine, and 11% in
lumbar spine). In another study, Ono et al. [23] found that
the prevalence of thoracic OPLL was 0.6% and that three
times as many women as men were affected; in contrast,
cervical OPLL occurred predominantly in men. Because
thoracic OPLL is frequently associated with DISH in men
but not in women, they suggested that sex may be important
in determining whether OPLL co-exists with DISH and that
OPLL should not be regarded merely as a form of DISH. In
addition, they found that thoracic OPLL can be associated
with OLF (14/39, 36% in women; 4/7, 57% in men).
Moreover, with cryptorrhea, the thoracic OPLL could
increase in thickness, resulting in radiculomyelopathy, and
it could co-exist with cervical and/or lumbar OPLL and
DISH. However, they did not discuss the possible rela-
tionships among these three disorders.

It remains unclear whether DISH, OPLL, and OLF are
genetically related. COL6AL is a gene that encodes the ol
chain of Type VI collagen, an extracellular matrix protein,
and might provide a scaffold for osteoblastic or preos-
teoblastic cells or chondrocytes that subsequently proceed
to membranous or endochondral ossification [27]. Because
it’s a susceptibility to the occurrence of DISH and OPLL in
the Japanese population, COL6A1 was thought to be
responsible for the hyperostotic state that led to ectopic
bone formation in the spinal ligament [28]. However, no
data are available to confirm this premise. On the other
hand, as common clinical and metabolic features of OPLL
and DISH can suggest their common aetiopathogenesis, a
genotyping study on the COL 11 A2 gene was done in a
group of 60 Czech patients with DISH. But results of
analysis of intron 6 (—4) polymorphisms in the COL 11 A2
gene did not agree with data from Japanese patients with
OPLL [29]. Thus, possible genetic relationships among
DISH, OPLL, and OLF remain to be elucidated.

Management

The management of thoracic myelopathy due to OPLL and
OLF is challenging. First, the OLF makes posterior
decompression necessary, but decompressive laminectomy
in the thoracic spine is not very effective because the
natural kyphosis restricts a backward shift of the spinal
cord [30]. Hioki et al. [31] described a patient who
underwent laminoplasty at C3-T1 and laminectomy at
T2-3 due to OPLL at C3-T2 and OLF at T2-3. Postop-
eratively, the symptoms immediately and dramatically
improved but then recurred at day 2, requiring an anterior
decompression and fusion via a manubrium splitting
approach. Second, if extirpation of OPLL is conducted, the
spinal cord at the site of compression is vulnerable to
damage. Several procedures for thoracic OPLL, including
anterior, posterior, and combined anterior and posterior
approaches, have been shown to have a high risk of post-
operative neurological deterioration; the reported rates
range from 2.7 to 18.8% [30, 32-35]. Tomita et al. [32]
evaluated the outcomes of circumspinal decompression in
the treatment of myelopathy due to OPLL and OLF. Eight
cases underwent surgery by thoracotomy at the middle or
lower thoracic spine and two cases by costotransversec-
tomy at the upper thoracic spine. JOA scores improved
postoperatively in nine patients, while neurological deficit
became worse in one patient. Third, leakage of CSF often
occurs during extirpation of the ossified ligaments, which
often are strongly adhered to the dura mater. Takahata et al.
[36] reported that leakage caused by a dural tear occurred
in 12 of 30 patients (40%) who underwent circumferential
spinal cord decompression via a single posterior approach
[36]. In another study, complete resection of the OPLL
caused leakage of CSF in 8 of 16 (50%) patients [30]. In
two patients who underwent anterior decompression
through thoracotomy, CSF leaked into the intrathoracic
space, causing a hydrothorax that was very difficult to
regulate [30]. Additionally, massive postoperative epidural
venous bleeding, which required a second operation, and
cystic swelling of the subarachnoid space were also
reported with the anterior approach [33].

To evaluate the outcomes of different surgical methods
in the treatment of thoracic OPLL, Matsumoto et al. [37]
conducted a retrospective multi-institutional study in 2008.
Despite the lack of statistically significant differences in
the surgical outcomes among different surgical methods,
neurological deterioration was observed more frequently in
surgical procedures in which the OPLL was excised or
thinned and floated than in those in which the lesion was
left untouched. These authors concluded that dorsal shift
and decompression of the spinal cord at the cervicothoracic
junction could be expected when posterior decompression
was used alone because the spinal curvature was usually
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lordotic or only slightly kyphotic [37]. Given the above-
mentioned factors and the characteristics of our patient, we
decided to perform posterior laminectomy and resection of
OLF without touching the anterior compressive OPLL.

Some researchers have recommended internal fixation
after decompression to stabilize the spine, which could
facilitate the recovery of the damaged spinal cord despite
the anterior impingement of the spinal cord by the
remaining OPLL [30]. In our case, we did not apply
internal fixation for two reasons. First, in the upper thoracic
spine, the sternal-rib complex, which was confirmed as the
fourth column of the spine, could stabilize the spine [38].
Second, the anterior column had been fused by ossified
ligaments in our patient, which provided sufficient stabil-
ization. Postoperatively, the patient’s symptoms were
greatly improved and the JOA score increased from 5
preoperatively to 9 at final follow-up, which confirmed the
effectiveness of posterior decompression.

Despite these results, our study did contain some
defects. Although the patient was satisfied with the results
and did not want to receive further anterior decompression,
he experienced residual hyperreflexia and muscle strength
in the lower extremities remained Grade 4/5. These phys-
ical signs might be due to the long-term anterior com-
pression of OPLL against the spinal cord and the limited
backward drift of spinal cord due to thoracic kyphosis.
Leakage of CSF was confirmed at postoperative day 27 in
our patient. This might have been caused by unrecognized
damage to the spinal dura mater during decompression and
by postoperative damage to the vulnerable spinal pia mater
due to friction against rough and ossified ligaments.

Conclusions

This study reveals that upper thoracic OPLL and OLF can
co-exist with DISH, causing compressive myelopathy.
Further research on the relationships among DISH, OPLL,
and OLF are required. The surgical procedure for throracic
OPLL and OLF is technically demanding.
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